Introduction
Because of its low abundance, knowledge of nitrogen in the mantle is restricted. Fibrous diamonds (Javoy et al., 1984; Boyd et al., 1987 Boyd et al., , 1992 , a rare, nitrogen-rich form, and MORB vesicles (Javoy and Pineau, 1991; Marty et al., 1996) give similar results suggesting a mantle d 15 N-value of about 75%. Javoy et al. (1984 Javoy et al. ( , 1986 showed that if nitrogen in the mantle is characterized by negative values relative to the external reservoirs (atmosphere + crust; positive d 15 N) then the latter cannot be formed by simple mantle outgassing. This isotopic imbalance led these authors to propose a heterogeneous accretion model for the Earth (Javoy et al., 1984 (Javoy et al., , 1986 Javoy, 1995) . However, such conclusions could have been invalid because both MORB and fibrous diamonds are probably quite young. For example, fibrous diamonds are believed to be related to kimberlite magmatism and not older than 350 Myr (see Boyd et al., 1994a for review) .
It is therefore important to collect data from other materials. In this regard, octahedrally shaped diamonds are unique materials in that they are xenocrysts within their host kimberlite and could be as old as 3.3 Gyr (Richardson et al., 1984) . Since peridotitic diamonds, as opposed to those formed by eclogitic paragenesis, are generally dominant and have carbon isotope compositions (Sobolev et al., 1979; Deines et al., 1987 Deines et al., , 1989 Galimov, 1991; Kirkley et al., 1991) within the accepted upper mantle range (Javoy and Pineau, 1991; Galimov, 1991) , it is amongst such diamonds that we would expect to find a nitrogen isotopic signature representative of the bulk upper mantle. To date, the only octahedrally shaped diamonds studied for d
13 C±d 15 N data were of unknown paragenesis (Boyd and Pillinger, 1994) . Here, we report, for the first time, an integrated study of d 15 N, d
13 C, nitrogen aggregation state and nitrogen concentration data for 55 diamonds formed almost exclusively of the peridotitic paragenesis, as determined from their silicate inclusions, from Pipe 50 kimberlite at Fuxian, China.
Samples studied
The kimberlite province of Fuxian, c. 400 km NE of Beijing, to which the Pipe 50 belongs, consists of 8 pipes and several tens of NE±SW-directed dikes (Zhang et al., 1989) , which intruded the Sino-Korean craton 460 Ma (Dobbs et al., 1991) . Thirteen thousand diamonds were initially examined from Pipe 50 to determine their physical properties as a function of size (Harris et al., 1991) . From representative samples in four diamond sizes, 55 inclusion-bearing stones were selected for further study. Sixty inclusions were analysed (Harris et al., 1991) . All but two belong to the peridotitic paragenesis, CHL 43 and 52 being from the rare websteritic paragenesis (see Meyer, 1987) . On the basis of geothermometry, inclusions equilibrated at temperatures within the continental lithosphere, a typical P±T setting (Boyd et al., 1985; Harris, 1992) .
Experimental techniques
The nitrogen aggregation state was established using FTIR. Type I diamonds contain nitrogen and display IR absorption features whereas Type II do not. Nitrogen-bearing diamonds can be subdivided further as a function of the nitrogen speciation. Initially nitrogen singly substitutes for carbon (Type Ib diamond). Subsequently, these migrate to form pairs (Type IaA) and clusters to four atoms and a vacancy (Type IaB) (e.g. Woods, 1986 ). These different defects are linked by a diffusion process (Chrenko et al., 1977; Evans and Qi, 1982) , and thus might constrain residence times of diamond in the mantle and reveal whether a diamond grew in several stages. Infrared spectra were deconvoluted into their different components with a precision of + 2.5% using coefficients of 16.5 at. ppm cm 71 for A (Boyd et al., 1994b) and of 79.4 at. ppm cm 71 for B (Boyd et al., 1995a) . For d 13 C, d 15 N and nitrogen concentration, samples were specifically selected after the FTIR measurements. They were analysed using the procedure described by Boyd et al. (1995b Nitrogen concentrations in diamonds are believed to depend strongly on the rate of the diamond growth and not to be an indicator of C/N ratios of the fluids from which they grew. (Fig. 1) . Samples CHL 2, 27, 50, 53 and 54 extend that range to slightly positive values (+0.8%). Infrared analyses reveal that a high proportion (23%) of the diamonds are of Type II (no nitrogen), similar to the results obtained for peridotitic diamonds from the Premier (29%) and Finsch (23%) kimberlites, South Africa (Deines et al., 1989) . The remainder of the diamonds, a mixture of Types A and B with platelets (Type IaAB diamonds), confirms the xenocrystic relationship of the diamonds to the host kimberlite (Evans and Qi, 1982) .
As reported previously (Javoy et al., 1984; Deines et al., 1987 , Boyd et al., 1987 , 1992 , nitrogen concentrations and aggregation can be highly variable both at the scale of the sample set and within a single diamond. Within the present data set, a sample such as CHL 39 varies in places from Type I to Type II diamond and three samples (CHL 22, 44 and 50) are strongly zoned (Table 1) . Such a zonation of the nitrogen aggregation state confirms that the growth of some octahedral-shaped diamonds occurs during protracted periods in different stages (e.g. Harrison and Tolansky, 1964; Boyd and Pillinger, 1994 Javoy et al. (1984) and Boyd et al. (1987 Boyd et al. ( , 1992 C-values of the diamonds from Pipe 50 and P-type diamonds worldwide. N-values of diamonds from the Pipe 50 kimberlite and fibrous diamonds analysed previously (Javoy et al., 1984; Boyd et al., 1987 Boyd et al., , 1992 . Deines et al., 1987 Deines et al., , 1989 Galimov, 1991) . In addition, the two websteritic samples are indistinguishable in this regard from the other samples and, in this instance, do not support the idea (Deines et al., 1993 ) that this mineralogy can be linked to some eclogitic paragenesis.
Discussion

Mantle nitrogen isotopic composition
As Pipe 50 is a representative sample of the peridotitic suite, we may suppose that the d
15 N values of Fuxian diamonds are characteristic of the peridotitic paragenesis as a whole. Figure 2 shows that d 15 N histograms of both fibrous diamonds worldwide and octahedrally shaped (non fibrous) peridotitic diamonds from Fuxian are centred around the same value (respectively 77 and 75%). The coincidence with fibrous diamonds is further emphasized in the d 15 N±d
13
C diagram (Fig. 3) , together with the so-called high d
C' diamonds of Boyd and Pillinger (1994) . This similarity suggests that fractionation of nitrogen stable isotopes during non fibrous diamond growth is unlikely, because this would lead to a different average in d
15 N values for fibrous and non fibrous diamonds, which is not the case (Fig. 2) . Classically we assume here that octahedral diamonds grow from metasomatic fluids percolating the continental lithosphere. As outlined by Galimov (1991) or Bulanova (1995) , the role of fluids during octahedral-diamond growth is emphasized by resorption features seen in cathodoluminesence patterns (e.g. Harrison and Tolansky, 1964) and/or the zonation of aggregation states in a single sample, such as CHL 22 in the present study. Relative to fibrous diamonds, the growth of octahedrally shaped diamonds should be seen differently, as part of a more largely open system process, from a more limited supply of volatiles with growth periods interrupted by significant spans of time during which resorption could occur (Boyd and Pillinger, 1994; Boyd et al., 1994a) . Accordingly, isotopic fractionation, expressed in the late history of the percolating fluids described above, is able to account for the main d 15 N-range, between 710 and +7%. This range is indeed similar to that of the high d 13 Cdiamonds of Boyd and Pillinger.
Geochemical evidence thus supports the derivation of both fibrous and most peridotitic diamonds from a similar isotopic source, believed to be the convecting asthenospheric mantle with d
15
N-values of 75 + 2 and d 13 C of 74.5 + 1%. Nevertheless, it cannot explain the highly negative values because it would require very large fractionation coefficients.
The most likely interpretation for these very low d
15 N values is that they have witnessed the persistent, although weak, occurrence of primary d 15 N belonging to the early history of the Earth. It is actually striking that, for the first time, some nitrogen isotopic compositions in the Earth's mantle match that of Enstatite chondrites (Fig. 4) . Such low d 15 N-values were predicted by Javoy et al. (1986) and thus our data support a heterogeneous accretion model for the Earth (Javoy et al., 1984 (Javoy et al., , 1986 Javoy, 1995 Kerridge, 1985) . The preservation, although very scarce, of a low d 15 N contribution (5725%) from the homogenization due to mantle convection could be related to a lower mantle influence or to a residual d 15 N in an upper or sublithospheric mantle portion. The choice between these two hypotheses could be approached by studying lower-mantle derived diamonds such as those reported by Harte and Harris Terra Nova, Vol 9, No. 4, 175±179 N isotopes in diamonds . P. Cartigny et al. (Javoy et al., 1984 (Javoy et al., , 1986 (Javoy et al., ). (1994 . However, we must point out that the idea of a portion of sublithospheric mantle isolated for a long time is the simplest hypothesis to account for the preservation of a low d 15 N source fingerprint, in agreement with the Archean Re-Os model ages obtained on mantle xenoliths (Pearson et al., 1995) .
Mantle nitrogen concentration
As shown by Fig. 5 , distributions of nitrogen concentrations for a compilation of fibrous diamonds (Javoy et al., 1984; Boyd et al., 1987 Boyd et al., , 1992 and for diamonds from this study differ greatly, although both sets are apparently derived largely from a similar isotopic source. Fibrous diamonds correspond grossly to a Gaussian distribution whereas peridotitic diamonds display a Poisson-type distribution. Similar features can be noted in other data sets on peridotitic diamonds (Deines et al., 1993 and references therein).
The fibrous structure of the coated diamonds is probably the result of rapid growth on a non fibrous, well crystallized seed as evidenced by the trapping of many inclusions (Kamiya and Lang, 1964; Navon et al., 1988 ; see also Boyd et al., 1994a) . During such growth, C/N atoms may be trapped in a ratio similar to the growth medium as they are driven rapidly to the diamond where they will be trapped.
With peridotitic diamonds, nitrogen concentration variations may result from a totally different process linked to their slow growth. Rather than the expression of C/N variations in the growth mediums, the average and standard deviation of N in P-type diamonds are the expression of the vanishing probability (in the present case of the order of 10 75 ) of incorporating any nitrogen atoms into the diamond structure, independently of the nitrogen concentration, when the diamond grows slowly.
To strengthen such an interpretation, we may consider diamonds originating from the lower mantle (Harte and Harris, 1994) . These stones, originating from a (a priori) less degassed mantle according to mainstream models (e.g. AlleÁ gre et al., 1995), contain either no nitrogen or concentrations less than 50 ppm (these concentrations, obtained by bulk combustion, totally exclude the presence of no-IR detectable nitrogen). If their N content was directly related to the N-content of the growth medium, lower mantle diamonds should contain more nitrogen than their upper mantle counterparts. If the N content in a diamond is essentially controlled by the rate of diamond growth rather than by the C/N ratio of the fluid, then there should be little correlation between nitrogen content and d 15 N and, even less, between nitrogen and d
13
C, which appears to be the case herein. 
